INTRODUCTION
============

Pilonidal sinus (PS) is a common disease of the natal cleft in the sacrococcygeal region with weak hair accumulation occurring in the hair follicles, which can be chronic and undergo acute exacerbation [@b1-cln_70p350][@b2-cln_70p350]. The incidence of PS is approximately 26/100,000; it is a benign disease that occurs in young men [@b3-cln_70p350][@b4-cln_70p350].

The etiology and pathogenesis of PS are not clear, although the disease is thought to be related to the accumulation of weak and lifeless hair in the intergluteal region. Over time, foreign body reaction occurs, causing abscess and sinus formation. Obesity, trauma, local irritation and a sedentary lifestyle are usually associated with PS [@b2-cln_70p350][@b5-cln_70p350].

Although pilonidal sinus can be treated using several defined conservative and surgical methods, recurrence rates remain high [@b6-cln_70p350]. Complete removal of the pilonidal sinus or sinuses and appropriate reconstruction can lead to successful recovery [@b7-cln_70p350]. However, collection of the lifeless hair depends on the anatomy of the intergluteal area, and accompanying risk factors can lead to inadequate surgery and subsequent recurrence [@b6-cln_70p350][@b8-cln_70p350].

Our aim in this study was to prospectively compare early results in patients with recurrent pilonidal sinus treated with either the Karydakis flap (KF) procedure or Limberg flap rotation (LF).

MATERIALS AND METODS
====================

This study was conducted at the surgery departments at Elazığ, Kayseri and Adana Numune Training and Research Hospitals from January 2009 to December 2013. Seventy-one patients who were treated only for recurrent pilonidal disease were eligible for the study. Patients with previous surgical procedures, including primary closure (71 cases) were considered to have recurrent disease. The 71 patients who had been treated with midline closure were divided into the following two treatment groups: the LF group (Limberg flap) and KF group (Karydakis flap). All patients were prospectively evaluated in terms of gender and age, location of sinus pits, postoperative length of hospital stay, postoperative complications (wound dehiscence, infection, hematoma, seroma and cosmetics) and recurrence. The Ethical Committee of our center approved the study protocol.

Surgical procedure
------------------

### Limberg flap method

All patients were operated on under spinal anesthesia in the operating room. After anesthesia, the patients were placed in the prone, jack-knife position, with the buttocks strapped apart using wide adhesive tape. Methylene blue was injected in the sinus tract using a 6-Fr feeding tube. The excision was carried down to the fascia overlying the sacrum and laterally to the fascia of the gluteus maximus muscle. Dissection was performed with electrocautery. A Limberg flap was prepared from the right or left gluteal region. A suction drain (B-VAK Wound Drainage System™, 10 Ch, Ref. 17110211, BiCakCilar, Istanbul, Turkey) was placed through a separate incision that was located 2 cm lateral from the initial incision and maintained in place until the drainage decreased to less than 10 ml/day ([Figures 1](#f1-cln_70p350){ref-type="fig"} and [2](#f2-cln_70p350){ref-type="fig"}).

### Karydakis flap procedure

Operations were performed under spinal anesthesia with the patient in the prone position with the buttocks strapped apart. No patient was given prophylactic antibiotics. The surgical site was shaved immediately before the operation, and the skin was prepared with povidone-iodine solution. Methylene blue was infused through the sinus to delineate the fistula tract in patients with open orifices. A Karydakis flap was created as described previously [@b2-cln_70p350][@b4-cln_70p350] ([Figures 1](#f1-cln_70p350){ref-type="fig"} and [3](#f3-cln_70p350){ref-type="fig"}). A suction drain (B-VAK Wound Drainage System™, 10 Ch, Ref. 17110211, Bıçakçılar, Istanbul, Turkey) was placed through a separate incision that was located 2 cm lateral from the initial incision in 17 (50 percent) patients (Group 1) and was maintained in place until the drainage decreased to less than 10 ml/day. The remaining 17 patients underwent surgery without any drain placement (Group 2). All incisions were dressed under pressure using several gauze packs and tight bandages ([Figures 1](#f1-cln_70p350){ref-type="fig"} and [3](#f3-cln_70p350){ref-type="fig"}).

Inclusion criteria
------------------

Patients willing to give written informed consent.

Presence of recurrent pilonidal sinus.

Adult (over 16 years of age) undergoing surgery for recurrent pilonidal sinus.

International normalizing ratio (INR) of less than 1.5.

Prothrombin time (PT) of less than 15 s.

Partial thromboplastin (PTT) time near normal.

Platelet count greater than 50,000 per mm^3^ to limit the risk of bleeding.

No infection at time of surgery.

Exclusion criteria
------------------

Patients not willing to give informed consent.

Age less than 16 years.

Patient presenting with different conditions mimicking pilonidal sinus.

Chronic medical conditions, such as diabetes mellitus, renal failure, or immunosuppression.

Randomization criteria
----------------------

In this study, patients with recurrent pilonidal sinus were accepted who were between 16-40 years of age and were without pilonidal sinus abscess or infection.

Statistical analysis
--------------------

Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences ver. 10.0, SPSS Inc, Chicago, Illinois, USA) computer software. Student's *t* test was used to compare age between the groups. Complications were analyzed using the χ2 test. Parametric variables that did not exhibit normal distribution between groups were compared using the Mann-Whitney U test. Chi-square and Fisher's exact tests were used to compare categorical variables. For all statistical analyses, *p*\<0.05 was considered significant.

RESULTS
=======

In this study, 71 patients with recurrent pilonidal disease were enrolled, of whom 37 were treated using the standard Limberg flap procedure and 34 were treated using the Karydakis flap procedure ([Table 1](#t1-cln_70p350){ref-type="table"}). The two groups did not differ in age or body mass index. Similarly, the two groups did not differ significantly in terms of sinus pit location or the presence of single or multiple pits (*p*\>0.05). The operative time was longer in the LF group. Hospitalization time was also significantly higher in the LF group than in the KF group. Most patients in the LF group were mobilized on the first postoperative day, and the median time to first mobilization was earlier in the LF group than in KF group \[1 (1-1) *vs.* 2 (1-3) days, respectively; *p\<*0.001\]. The median duration of incapacity for work was 17 (14-20) days in KF group and 8 (6-12) days in the LF group (*p\<*0.001) ([Table 2](#t2-cln_70p350){ref-type="table"}). In KF group, eight patients had infection and four had seroma. Total wound dehiscence and flap necrosis did not occur in any patient. Seven patients had seroma with negative culture in all studied patients. Flap edema occurred in four patients in the LF group. Wound infection occurred in four patients in the LF group ([Table 1](#t1-cln_70p350){ref-type="table"}). The mean time for complete healing of the wound after rhomboid excision and Limberg flap was 22.12±8.69 days. The median VAS pain score was significantly lower in the LF group (*p\<*0.001). No recurrence occurred in any of the patients during the follow-up period. When patient satisfaction was compared, the LF group received 2.88±0.16 points and KF group received 1.43±0.44; the patients in the LF group were more satisfied in terms of aesthetics (*p*\<0.001).

DISCUSSION
==========

Pilonidal sinus was first described by Anderson in 1847 and is often seen in the intergluteal region. This chronic disease is characterized by acute exacerbations [@b1-cln_70p350][@b2-cln_70p350][@b3-cln_70p350][@b9-cln_70p350]. PS usually occurs in healthy young men (Male/Female = 4-5/1), has a negative cosmetic appearance, and can cause loss of worktime [@b2-cln_70p350][@b3-cln_70p350][@b4-cln_70p350]. Gurer et al. [@b14-cln_70p350] reported a mean patient age of 25.5 and a gender balance of 95% males in a series detailing the Karydakis flap procedure. In our series, the mean age was 24, and more than 95% of the patients were male.

The etiology and pathogenesis of PS is frequently associated with both congenital and acquired factors. It has been suggested that PS starts as a chronic process involving the accumulation of lifeless hairs and subcutaneous hair deposition in the intergluteal region that leads to inflammation and infection [@b3-cln_70p350][@b4-cln_70p350][@b5-cln_70p350].

Several treatment procedures have been described in the literature, ranging from simple incision and drainage to the use of complex plastic flaps for cleft obliteration. The ideal technique for the treatment of sacrococcygeal PS disease is controversial [@b2-cln_70p350][@b5-cln_70p350]. Medical treatment methods include alcohol, phenol and silver nitrate injection into the cavity. Surgical treatment methods include curettage after fistulotomy, leaving an open or marsupialized wound after cystectomy, Bascom surgery, primary excision and closure, the Karydakis flap procedure (KF), or sinus excision and skin graft and flap methods, such as Limberg flap rotation (LF). Surgical treatment is often preferred [@b8-cln_70p350][@b11-cln_70p350].

Ideally, the goals of treatment for this disease should be reliable wound healing with a low risk of recurrence, a short period of hospitalization, minimal inconvenience to the patient, and low morbidity with few wound-management problems [@b6-cln_70p350][@b8-cln_70p350][@b21-cln_70p350].

Recurrence is the main problem in the treatment of pilonidal sinus. In 1970, Foss [@b26-cln_70p350] reported a collective series of 1,129 pilonidal sinus patients treated with excision and primary closure by different investigators. The failure rate of primary healing was 16%, the length of hospitalization averaged 21.7 days, and the recurrence rate was 16%. Several flap techniques have been described with recurrence rates ranging between zero and 6-8% [@b6-cln_70p350][@b7-cln_70p350][@b8-cln_70p350][@b10-cln_70p350][@b11-cln_70p350][@b12-cln_70p350][@b13-cln_70p350].

The Karydakis flap procedure was first described by George Karydakis [@b8-cln_70p350] in 1973 and has frequently been used to treat sacrococcygeal PS. The KF achieves symmetric closure of the pilonidal wounds by avoiding placement of the wound in the midline at the depth of the natal cleft and also flattens the cleft, thereby reducing hair accumulation and mechanical irritation and decreasing recurrence [@b8-cln_70p350][@b9-cln_70p350][@b30-cln_70p350].

Karydakis [@b8-cln_70p350] reported a recurrence rate of 1%, a complication rate of 8%, and a length of hospital stay of 3 days. Can et al. [@b15-cln_70p350] reported a recurrence rate of 4.6% and a complication rate of 8.9%, and Sakr et al. [@b16-cln_70p350] determined recurrence rates of 2.4% and a complication rate of 10% in their KF series. In a similar study, Sözen et al. [@b17-cln_70p350] reported a recurrence rate of 1.5% and a complication rate of 6%. In our series, no recurrence was observed in either group. In the KF group, the complication rate was 10%, and the mean duration of hospital stay was 3 days.

Wound infection, fluid collection, edema, hematoma and wound separation can occur after use of the Karydakis flap procedure and other surgical techniques. The use of drains after surgery can be used to prevent fluid accumulation, edema and hematoma formation in such cases [@b14-cln_70p350][@b17-cln_70p350]. Gurer et al. [@b14-cln_70p350] reported that fluid accumulation is reduced after the routine use of post-operative drains. Bessa [@b18-cln_70p350] determined that the percentage of cases with fluid retention after drain placement was 2.4%. In our KF group, 5.6% of patients experienced fluid collection, 11% experienced wound infection, and 1.4% experienced hematoma. In contrast, in the LF group, 4.2% of patients experienced fluid collection, 5.6% experienced wound infection, and 11% experienced hematoma.

The LF and KF procedures not only cover the wound but also, in theory, flatten the natal cleft and decrease hair accumulation, mechanical irritation and the risk of recurrence [@b2-cln_70p350][@b11-cln_70p350].

Limberg flap rotation is clearly preferred for safety reasons given its low recurrence and complication rates [@b19-cln_70p350]. In patients with recurrence and multiple sinuses, lateral flap rotations are implemented by removing the midline [@b6-cln_70p350][@b19-cln_70p350].

Mentes et al. [@b20-cln_70p350], Ersoy et al. [@b21-cln_70p350], and Campbell et al. [@b22-cln_70p350] reported that modified Limberg flaps presented lower recurrence and complication rates than KF in their respective series. The reported recurrence rate for Limberg flap varies from 0.8 to 2.7% [@b21-cln_70p350]. Topgul et al. [@b27-cln_70p350] operated on 200 patients, and the recurrence rate was found to be 2.5%. Daphan et al. [@b28-cln_70p350] operated on 147 patients with a median follow-up time of 13.1 months, and recurrence was noted in 4.8% of patients.

Ertan et al. [@b23-cln_70p350] reported that a Limberg flap recurrence rate of 2% compared to 12% in a primary closure group. Conversely, Ateş et al. [@b24-cln_70p350] reported lower recurrence and complication rates for the KF technique than for the LF technique. The mean duration of hospital discharge after Limberg flap procedure reported by Urhan et al. [@b6-cln_70p350] was 3.7 days, and Kapan et al. [@b19-cln_70p350] reported a duration of 5.3 days.

In our study, recurrence was not observed in either group; in addition, time to discharge from hospital and complication rates were similar to values reported in the literature. The Limberg flap group had lower mean time to hospital discharge (LF/KF=3/1, 4 days) (*p*=0.001) and lower wound infection rates (*p*=0.001) than the KF group. In addition, comparison of the two groups showed a difference in terms of flap edema and hematoma (*p*=0.017 and *p*=0.004, respectively).

A Cochrane overview has been performed to provide evidence-based guidance for surgical treatment [@b3-cln_70p350]. The review concluded that off-midline closure (including rhomboid, Karydakis and Bascom flaps) is the best choice if the sinus is to be excised and sutured, and this closure is associated with shorter hospital stay and the lowest recurrence rates [@b29-cln_70p350].

Other important points in the treatment of pilonidal sinus surgery are return to daily activities and work, postoperative pain score (VAS), duration of operation, time sitting on the toilet, and patient aesthetic satisfaction. In patients with recurrence and large defects, undergoing flap procedures can reduce aesthetic satisfaction. Akinci et al. [@b4-cln_70p350] reported that return to daily activities after the Karydakis flap procedure was 12.4 to 20 days and that postoperative patient satisfaction was high.

Can et al. [@b15-cln_70p350] reported 70% patient satisfaction after the Karydakis flap procedure, and a recent study reported satisfaction as high as 91%. Can et al. [@b15-cln_70p350] and Ersoy et al. [@b21-cln_70p350] determined that patients undergoing the Karydakis flap procedure and LF experience similar durations of hospital stay and return to work times. Karaca et al.[@b25-cln_70p350] reported that the Limberg Flap group provided better postoperative pain score (visual analogue scale: VAS), complication rate, time to discontinuation of analgesics, and painless sitting than the KF group, and Ersoy et al. [@b21-cln_70p350] found similar results. Can et al. [@b15-cln_70p350] showed that mean operation time for the Karydakis flap procedure was 49±7 minutes, compared with 52±5 minutes for the Limberg flap procedure. In our study, the LF group exhibited a lower VAS score (2/4), higher patient satisfaction (2.8/1.43), earlier first mobilization (1/2 days) and more painless toilet sitting. (1/2 day). These patients also had shorter complete healing time (22/24 day) than the KF group (*p*≤0.001). On the other hand, the KF group had a shorter operation time than the LF group (48 and 54 minutes, respectively) (*p*=0.001).

The Limberg flap procedure is a safe choice for the surgical treatment of sacrococcygeal recurrent pilonidal sinus disease due to its low complication rate, short length of hospital stay, early return work, low VAS score, high patient satisfaction and shorter complete healing duration. Therefore, we recommend the Limberg flap procedure for the treatment of recurrent pilonidal sinus disease**.**
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###### Clinical comparison, operative characteristics and complications between groups.

  Variable                                        Limberg Flap   Karydakis Flap   *p*-value
  ---------------------------------------------- -------------- ---------------- -----------
  Gender (M/F)                                        32/5            32/2          0.650
  Age (years)                                          25             23.5          0.21
  Location                                                                       
  Midline single                                       18              22           0.55
  Midline multiple                                     14              10        
  Hirsute Nature                                       24              22           0.831
  History of Smoking                                   14              12           0.54
  Duration of preoperative complaints (months)    14.32±10.12      12.66±4.43       0.08
  Length of hospital stay (days)                   1.44 (1-3)       3 (3-6)         0.001
  Obesity                                                                        
  Overweight (BMI 25-29.9)                             22              18           0.455
  Obese (BMI 30-39.9)                                  13              14        
  Morbidly obese (BMI ≥ 40)                            3               2         
  Follow up (months)                               28.2±7.65       27.6±8.32        0.750
  Fluid collection                                     3               4            0.82
  Wound infection                                      4               8            0.001
  Flap edema                                           4               1            0.017
  Hematoma                                             8               3            0.004
  Partial wound dehiscence                             1               2            0.590
  Recurrence                                           0               0         

###### Operative and postoperative outcomes.

  Variable                             Limberg Flap group   Karydakis Flap group   *p*-value
  ----------------------------------- -------------------- ---------------------- -----------
  Duration of operation (min)              54 (50-70)            48 (40-60)          0.001
  Time to first mobilization (days)         1 (1-1)               2 (1-3)           \<0.001
  Duration of incapacity for work           8 (6-12)             17 (14-20)         \<0.001
  Pain VAS score                            2 (1-3)               4 (2-6)           \<0.001
  Complete healing time (days)             22.12±8.69            24.08±6.59          0.017
  Painless toilet seating (days)            1 (1-2)               2 (1-3)            0.001
  Patient satisfaction                    2.88 ± 0.16           1.43 ± 0.44         \<0.001
